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(54) TIME-DIVISION COLOR LIQUID CRYSTAL DISPLAY DEVICE AND ITS DRIVING 
METHOD 

(57)Abstract: 

PURPOSE: To realize excellent color reproducibility by 
delaying the scan timing of a time- division three primary 
color light emitting device by the time corresponding to 
the response speed of liquid crystals as compared with 
switching of the screen of the liquid crystal display 
device. 

CONSTITUTION: This time-division color liquid crystal 
display device consists of the time- division three primary 
color light emitting device 9 and the liquid crystal display 
device 8 of black and white display. The time-division 
three primary color light emitting device 9 refers to a light 
source which emit light beams of three primary colors R, 
G, B respectively independently. This light source is 
made to make display with a single color to scan the 

screen successively with the color from above to below. The liquid crystal display device 8 
successively writes the image corresponding to this color as well in synchronization with this 
scanning. The boundary between the red light emitting region 2 and green light emitting 
region 1 of the time-division three primary color light emitting device 9 moves downward in 
synchronization with rewriting of the image signals from red to green at every one scanning 
line of the liquid crystal display device 8. At this time, the scan timing of the time-division three 
primary color light emitting device 9 is delayed from the scan timing of the liquid crystal 
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* NOTICES * 

Japan Patent Office is not responsible for any 
cUunages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Industrial Application] This invention relates to the time-sharing color liquid crystal display which 
combined time-sharing three-primary-colors luminescence equipment and a liquid crystal display, and 
its actuation approach, 
[0002] 

[Description of the Prior Art] There are JP,58-186791,A, JP,62-75514,A, etc. as an example of the 
conventional time-sharing color liquid crystal display. Drawing 5 is drawing showing the structure. A 
time-sharing color liquid crystal display consists of time-sharing three-primary-colors luminescence 
equipment 59 and the liquid crystal display 58 of monochrome display. Time-sharing three-primary- 
colors luminescence equipment is the light source which makes the light of three-primary-colors R (red), 
and G (green) and B (blue) emit light independently, respectively. This light source is displayed in one 
color, and a color is made to scan one by one downward from on a screen. Synchronizing with this scan, 
the liquid crystal display also writes in the image corresponding to that color one by one. This Fig. 
shows the condition when rewriting the screen from R to G. The green picture signal maintenance field 

53 is a field where the picture signal was newly rewritten, and the red picture signal maintenance field 

54 is a field where the picture signal written in last time is still held. Synchronizing with a picture signal 
being rewritten green for every scanning line of a liquid crystal display 53, the boundary of the red 
luminescence field 52 of time-sharing three-primary-colors luminescence equipment 59 and the green 
luminescence field 51 moves downward. For example, since the color signal of the 1 field is sent by 
60Hz, the video signal of NTSC looks the same as having displayed the color picture of the 1 field 
exactly, if the screen of R, G, and B is written in by 3 times as many 180Hz as this. By this approach, 
compared with the case where a light filter is used, the number of pixels of a liquid crystal display can 
be managed with 1/3, and since a pixel pitch becomes large, there is the description that a numerical 
aperture can be enlarged. 

[0003] 

[Problem(s) to be Solved by the Invention] However, in the conventional time-sharing color liquid 
crystal display, since the speed of response of liquid crystal was slow, there was a trouble that color 
repeatability was not not much good. This is explained using drawing 5 . After a part with time-sharing 
three-primary-colors luminescence equipment 59 changes from red luminescence to green 
luminescence, time amount is taken for the liquid crystal of the liquid crystal display 58 corresponding 
to it to answer. For example, it is difficult for the active matrix liquid crystal display using high-speed 
response liquid crystal to also obtain the speed of response of 1 or less msec. Since there are only about 
5,6 msec(s), the vertical-scanning period in the case of rewriting the screen of each color by 1 80Hz is 
the time amount which cannot be disregarded to burning time amount. And the speed of response 
changes with driver voltages. Therefore, by the pixel which is also a pixel on the same scanning line, 
even if the display to a green picture signal is made, by a certain pixel, the display to a red picture signal 
will still remain. For this reason, the image data of three primary colors each will not be displayed with 
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original brightness, but will differ from a actual color, 

[0004] The place which the time-sharing color liquid crystal display and its actuation approach of this 
invention solve such a technical problem, and is made into the object is realizing outstanding color 
repeatability. 
[0005] 

[Means for Solving the Problem] As for the time-sharing color liquid crystal display and its actuation 
approach of this invention, only the time amount which is equivalent to the speed of response of liquid 
crystal compared with the change of the screen of a liquid crystal display delays the scan timing of time- 
sharing three-primary -colors luminescence equipment. Or time amount which liquid crystal has 
answered is made into an astigmatism LGT period, and prevents a blot of a color. Moreover, an input 
picture signal is amplified so that the applied voltage which runs short since the speed of response of 
liquid crystal is slow may be compensated. Furthermore, by comparing with the signal written in last 
time, this amount of magnification is adjusted and it has the function to impress the always optimal 
picture signal. 
[0006] 

[Example] This example is explained based on a drawing below. Drawing 1 is drawing showing the 
structure of a time-sharing color liquid crystal display. A time-sharing color liquid crystal display 
consists of time-sharing three-primary-colors luminescence equipment 9 and the liquid crystal display 8 
of monochrome display. Time-sharing three-primary-colors luminescence equipment is the light source 
which makes the light of three-primary-colors R (red), and G (green) and B (blue) emit light 
independently, respectively. This light source is displayed in one color, and a color is made to scan one 
by one downward from on a screen. Synchronizing with this scan, the liquid crystal display also writes 
in the image corresponding to that color one by one. This Fig, shows the condition when rewriting the 
screen from R to G. The green picture signal maintenance field 3 is a field where the picture signal was 
newly rewritten, and the red picture signal maintenance field 4 is a field where the picture signal written 
in last time is still held. Synchronizing with a picture signal being rewritten green for every scanning 
line of a liquid crystal display 8, the boundary of the red luminescence field 2 of time-sharing three- 
primary-colors luminescence equipment 9 and the green luminescence field 1 moves downward. For 
example, since the color signal of the 1 field is sent by 60Hz, the video signal of NTSC looks the same 
as having displayed the color picture of the 1 field exactly, if the screen of R, G, and B is written in by 3 
times as many 180Hz as this. By this approach, compared v^th the case where a light filter is used, the 
number of pixels of a liquid crystal display can be managed with 1/3, and since a pixel pitch becomes 
large, there is the description that a numerical aperture can be enlarged. In this example, only time 
amount required for the optical response of liquid crystal has delayed the scan timing of time-sharing 
three-primary-colors luminescence equipment 9 to the scan timing of a liquid crystal display 8. 
[0007] Generally, the speed of response of the liquid crystal display using the liquid crystal of an electric 
field effect mold is expressed like drawing 3 . That is, although answered comparatively quickly at the 
time of electrical-potential-diflference impression, when a non-electrical potential difference or an 
electrical potential difference is made small, a speed of response becomes slow. Here, since the Nor 
Marie white mode is made into the example, the falling time amount Tl becomes smaller than build up 
time T2. In the Nor Marie black mode, it becomes reverse. Moreover, if the amplitude becomes small by 
halftone, that the response time becomes late further etc. will change also with the conditions of an 
electrical potential difference. So, in this example, after measuring the falling time amount Tl and build 
up time T2 in the driver voltage used actually, only fixed time amount between Tl and T2 delays the 
scan timing of time-sharing three-primary-colors luminescence equipment. A gap of a color can be 
suppressed to minimum by this. 

[0008] Next, the circuitry of this example is explained. Drawing 2 is the example of the circuit block 
diagram of a time-sharing color Uquid crystal display. The timing controller 21 controls all the timing of 
a time-sharing color liquid crystal display, first, a picture signal is sampled in a sampling circuit 22 — 
making — R, G, and B — it is made to accumulate in a field memory 23, respectively Next, one color of 
accumulated picture signals is sent at a time to the signal selection circuitry 24. In order to send one 
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color of picture signals of three colors at a time in the period of the 1 field, one about 3 times the rate of 
a sampling is needed. The sent picture signal is amplified by the signal amplifying circuit 25 according 
to the optical property of a liquid crystal display. The amplified signal is sent to the data driver 26, and 
drives a liquid crystal display. Here, although the active matrix liquid crystal display 28 with a 
comparatively quick speed of response is used, as long as a speed of response is quick, other liquid 
crystal displays may be used. Sequential selection of the active matrix liquid crystal indicating 
equipment of every one line is made by the scan driver 27, and a picture signal is written in by the data 
driver synchronizing with the selection pulse. On the other hand, time-sharing three-primary-colors 
luminescence equipment 29 is also controlled by the timing controller, and sequential change of the 
luminescent color is carried out synchronizing with the data driver 26 or the scan driver 27. However, as 
mentioned above, by this example, it delays fixed time to the scan timing of this active matrix liquid 
crystal display 8, and time-sharing three-primary -colors luminescence equipment 9 is scanned. 
[0009] In addition, when it seems that time-sharing three-primary-colors luminescence equipment is 
divided into two or more blocks, and 1 block makes light emit simultaneously corresponding to several 
scanning lines of a liquid crystal display (i.e., when the luminescence block count has several [ of the 
number of scanning lines / 1/]), it is desirable to fulfill the following conditions. That is, time amount 
until it emits light from initiation of the selection time amount of the liquid crystal display 
corresponding to each luminescence block is larger than the smaller one of Tl and T2, and they are the 
conditions that time amount until it emits light from termination of the selection time amount of the 
liquid crystal display corresponding to each luminescence block is smaller than the larger one of Tl and 
T2. 

[0010] Next, the 2nd example is explained. Although a clearance was not prepared between the 
luminescence fields of each color in the above-mentioned time-sharing color liquid crystal display in 
order to make utilization effectiveness of light into max, as for a period in order to realize more exact 
color reproduction, after the optical response of liquid crystal starts until it ends, it is ideal to suppose 
un-emitting light. Then, as shown in drawing 4 , the field 45 non-emitting light is formed between the 
green luminescence field 41 of time-sharing three-primary-colors luminescence equipment 49, and the 
red luminescence field 42. On the other hand, a liquid crystal display 48 is sequentially scanned from a 
screen, the newly rewritten picture signal is held in the green signal maintenance field 43, and the 
picture signal written in last time is held in the red picture signal maintenance field 44. Since the field 45 
non-emitting light corresponds about the part immediately after a scan among the green signal 
maintenance fields 43 here, light does not penetrate until liquid crystal answers and it becomes desired 
permeability. What is necessary is just to specifically suppose un-emitting light to the period more than 
the larger one of the falling time amount Tl in drawing 3 , and build up time T2. 
[001 1] In addition, when it seems that time-sharing three-primary-colors luminescence equipment is 
divided into two or more blocks, and 1 block makes light emit simultaneously corresponding to several 
scanning lines of a liquid crystal display (i.e., when the luminescence block count has several [ of the 
number of scanning lines / 1/]), it is desirable to fiilfill the following conditions. Namely, what is 
necessary is just to let beyond time amount that added the larger one of Tl and T2 to the selection 
period of the block be a period non-emitting light from immediately after initiation of the selection time 
amount of the liquid crystal display corresponding to each luminescence block. 
[0012] This example is realizable only by inserting a desired blanking period between the luminescence 
periods of each color of time-sharing three-primary -colors luminescence equipment. Moreover, what is 
necessary is just to insert a black protection-from-light field between the light filters of each color, in 
switching the three primary colors using the rotating light filter. The area which is equivalent to a non- 
selection period, of course is required. 

[0013] The 3rd example explains how to amend the signal impressed to liquid crystal and improve color 
repeatability. Generally, in driving a liquid crystal display by about 180Hz, it shows a V-T curve, i.e., 
the applied-voltage dependency of permeability, as shown in drav^ng 6 . 61 is a V-T curve in static 
actuation. In this case, since it continues driving by the always same voltage swing, it is not necessary to 
take the optical response of liquid crystal into consideration. However, when the signal written in last 
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time is a white level, in the case of 62 and black level, a V-T curve as shown in 63 is drawn. This is 
because transmission also with the average transition-condition of a period that liquid crystal is 
answering is affected, and it will shift from the V-T curve of static actuation, so that an electrical- 
potential -difference difference with the signal written in last time is large. So, in this example, in order 
to, lessen this amount of gaps if possible, the picture signal amplitude is modulated by using a V-T 
curve as shown in 64 as a model. This has elongated the signal by the side of white and black from static 
actuation in consideration of the response of the liquid crystal in average signal amplitude. 
[0014] Generally, since the gamma characteristics of liquid crystal differ from the property of CRT, they 
prepare the gamma correction circuit of dedication in many cases. For example, what is necessary is just 
to give gamma amendment function to the signal amplifying circuit 25 in drawing 2 . Drawing 7 is the 
example of the input-output behavioral characteristics of the gamma correction circuit. After reversing 
signal level in the case of NOMARI white mode, it changes into an AC signal and an input output 
conversion as shown in this Fig. is performed. A halftone display like CRT is attained also with a liquid 
crystal display by this. What is necessary is just to change these input-output behavioral characteristics 
in this example. Drawing 8 is the example of the input-output behavioral characteristics of the gamma 
correction circuit in this example. Since the property of drawing 7 corresponds in static actuation, it has 
elongated the signal by the side of white and black from it. If this elongated signal is used, when there is 
change of an average signal, original permeability will be obtained exactly, and the color repeatability in 
halftone will be improved. 

[0015] The 4th example explains how to amend the signal impressed to liquid crystal according to the 
variation of a signal, and to realize exact color repeatability. In drawing 6 , when the signal written in 
last time was white, the V-T curve bottom shifted to the high-tension side, and when the signal written 
in last time is black, the V-T curve upside has shifted to a low-battery side. Then, what is necessary is 
just to elongate an electrical potential difference, so that an original signal is close to black, when tihe 
signal written in last time is white. What is necessary is just to compress an electrical potential 
difference, so that an original signal is close to white, when the signal written in last time similarly is 
black. And it is possible to obtain the same permeability as the case of static actuation to all signals by 
elongating or compressing according to the electrical potential difference, when the signal written in last 
time is halftone. That is, very exact color repeatability is realizable. 

[0016] Drawing 9 is the example of the input-output behavioral characteristics of the gamma correction 
circuit in this example. By the case where the signal written in last time is white, 81 has elongated the 
signal by the side of black level. By the case where the signal written in last time is black, 82 has 
compressed the signal by the side of a white level. When the signal written in last time is halftone, the 
curve same between these two curves is set up, and only a complement elongates or compresses a signal. 

[0017] Next, the circuitry of this example is explained. Drawing 10 is the example of the circuit block 
diagram of a time-sharing color liquid crystal display. The timing controller 91 controls all the timing of 
a time-sharing color liquid crystal display, first, a picture signal is sampled in a sampling circuit 92 
making - R, G, and B ~ it is made to accumulate in a field memory 93, respectively Next, one color of 
accumulated picture signals is sent at a time to the signal selection circuitry 94. For example, in the 
video signal of NTSC, since it is necessary to write in the screen of one sheet every 1/60 second, the 
picture signal of 1 classification by color will be sent every 1/180 second. On the other hand, the same 
signal is sent also to the signal comparison circuit 100. It compares with the signal which wrote in the 
sent picture signal last time for every pixel, i.e., the signal of 1/180 seconds ago, in a signal comparison 
circuit. For example, in rewriting green from red, it compares the red of the same pixel v^th the 
electrical potential difference of a green signal, and the optimal amount of amendments is chosen out of 
the table 101 for gamma amendment, and it sends to the signal amplifying circuit 95. In the signal 
amplifying circuit 95, gamma amendment based on the data sent from the table 101 for gamma 
amendment is carried out to the picture signal sent from the signal selection circuitry 94, and it sends to 
the data driver 96. Sequential selection of the active matrix liquid crystal indicating equipment 98 of 
every one line is made by the scan driver 97, and a picture signal is written in by the data driver 
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synchronizing with the selection pulse. On the other hand, time-sharing three-primary -colors 
luminescence equipment 99 is also controlled by the timing controller, and sequential change of the 
luminescent color is carried out synchronizing with the data driver 96 or the scan driver 97. This 
approach can be used not only for video presentation but for various data display. 
[0018] As an example of the time-sharing three-primary-colors luminescence equipment used for a time- 
sharing color Hquid crystal display The fluorescent display which has arranged the anode electrode 
which applied the fluorescent substance in three primary colors in the shape of a strip of paper. Although 
there are various methods, such as what rotates a disc-like light filter on the source of the white light, a 
thing which it separates [ thing ] into the three primary colors and makes the light of the source of the 
white light scan optically, and a thing which combined a high-speed response liquid crystal shutter and 
chromatic polarization plates, such as pi eel This invention is applicable to the time-sharing color liquid 
crystal display which used all kinds of time-sharing three-primary-colors luminescence equipment. 
[0019] 

[Effect of the Invention] As stated above, since only the time amount of an optical response of liquid 
crystal delayed the timing which switches the luminescent color of time-sharing three-primary-colors 
luminescence equipment, the time-sharing color liquid crystal display and its actuation approach of this 
invention can suppress a gap of a color to min. Moreover, always exact color reproduction is realizable 
by supposing un-emitting light only to the time amount of an optical response of liquid crystal. Color 
repeatability can be improved without changing circuitry by on the other hand carrying out constant-rate 
amendment of the signal impressed to liquid crystal. The former and since a configuration has hardly 
changed, these equipments can realize a liquid crystal display high-definition by low cost. Furthermore, 
exact color repeatability is realizable by performing optimal amendment according to the variation of a 
signal. 
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so 4 8(»aa<^±»^6jH^xi££$n. M^aif^i^fgii!4 
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[0012] :^'mmmf^3m^^itm^'^^<D 

10 0 13] mzom.m\t. m^icemt^m^^ 
i$i£Lxmnmi^m±T6-m^'^m^o -^tc, 

fm^^^t: 18 0Hz ^t:'§g^t'5>^^i^6 
ifefftt^TiVf . 6 1 X ^ ^ i?|gS<D^^' V - T 

[ 0 0 14] -sstc, ?ai<JC'r4$Jii*CR Ta>^1±iM 
ittik^J: l^o @ 7 ii<-<?>r mJm<OK^ti^)^omx 



(5) ^^^¥7- 12 1 138 

^?fmx(f>^^m.i^^m:^inh c ^^c^^ 

K\ ^hx'^^f^^i<.mm>'^^fm<^^^'^i'ckt^<r> 
20 [ 0 0 1 6 ] @ 9 ir**l^pij«: hlihy mwm&<o7K^ 

^X'. mA-^Mm>{^^^i^^ox^^. S2kmm^ 
[0017] :x^, -<^mmm^^^r>K^xmm^ 

H*. R, G, B-en-C-n^^ <-JL/K>^»J9 3ir^S$ 

1^6 0^0 1 fj'^cc 1 ficC'iiS^S^i^tf^^>f?^^*^fc 
4t>. 1 8 0 1 **^tc I a»<Diii(*i^^^'& c i u: 

m^itimmx\t^hntcmm^^^m^ni^'m 
wm^iLrutmn. rut>% 1 8 oj^oc- 1 

1 0 l<D43:t^>6^r^tg££'&]gt>'l^ig«g@SS9 5(C 
gK^'^^x'9 7i<:j:-ri ^'<>r-:>l»:'X^lR5ti, -e 

50 d^-^svi^a^hD-^ecjc-Tftdtasnrfeo. 
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(6) 



rjr 5^ - ^> ^^«<: t ^ C i :6^T' ^ . 
[0 0 18] m^^:^y-^^^^.^m^mi.^6m^^ 

[00 191 



10 



^l^¥7- 1 2 1138 
10 



20 



1 . 4 1. 5 1 

42. 52 

43. 53 
4 4. 5 4 
48. 58 
£9. 49. 



2. 
3. 
4 

8. 

9. : 

45 
2 1. 

22. 
23. 
24. 
2&. 
26. 
27. 
28. 

100 ii^jtess 

1 0 1 r*eiESr--7'A' 



5 9. 9 9 n^zm^m^^ 



9 1 ^f'<^>^a>^a-^ 



92 
93 
94 
95 
96 
97 
98 



[HI] 



1 



9 f^^tm^ 




8 ^S^^S 



3 fil^itft^^ 



4 «eiriSdS^ 
2 
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[112] 



[il4] 




48 y&mn^ 

/ 

49 n^ms^^ \ J ^^tm^ 



innn 





42 ^dSXIRtt 
49 ff&imA 



[I9&] [136] 
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